Effects of microdialysis-perfusion with anisoosmotic media on extracellular amino acids in the rat hippocampus and skeletal muscle.
Changes in the levels of amino acids have been implicated as being important in osmoregulation both within and outside the CNS. The present study addressed the question of whether changes in osmolarity affect the extracellular concentration of amino acids in the rat hippocampus and femoral biceps muscle (FBM). Microdialysis probes were implanted in these tissues and perfused with standard physiological saline. Amino acid concentrations in the dialysate were determined with HPLC separation of o-phthaldialdehyde derivatives and fluorescence detection. The osmolarity of the perfusion buffer was gradually decreased by reduction of the concentration of NaCl from 122 to 61 to 0 mM. In other experiments, the osmolarity was increased by elevation of the NaCl level from 122 to 183 to 244 mM or by addition of mannitol. Glutamate, aspartate, gamma-aminobutyrate, and alanine levels in dialysate from the hippocampus increased when the concentration of NaCl was decreased by 61 mM, and they were further elevated when NaCl was omitted. Taurine and phosphoethanolamine (PEA) levels were maximally elevated at the intermediary decrease of NaCl concentration, and glutamine in particular but also methionine and leucine were suppressed by perfusion with hypoosmolar medium. The amino acid response of the FBM differed substantially from that of the hippocampus. The aspartate content increased slightly, and there was a marginal transient increase in PEA level. Perfusion with media containing high concentrations of NaCl induced diminished dialysate levels of taurine, PEA, and glutamate, whereas levels of other amino acids were either unaffected or increased. Mannitol administration via the perfusion fluid led to reduced levels of taurine, PEA, glutamate, and aspartate. In contrast to the effects of high NaCl levels, hyperosmotic mannitol did not induce increases in level of any of the amino acids detected. The results suggest that taurine and PEA are involved in osmoregulation in the mammalian brain. From a quantitative viewpoint, taurine seems to be most important. Transmitter amino acids may also be involved in the maintenance of the volume of neural cells subjected to severe disturbances in osmotic equilibrium.